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Abstract. Nowadays the three-dimensional (3D) maps are very popular 
and they are an essential part of the cartography. Day after day the cyber 3D 
worlds become more realistic, more detailed, more accessible to people, 
who use them for lots of purposes. 3D maps undoubtedly offer very good 
way for perfect visualization of geographical data but we should know, if 
this data is correct enough. In the traditional 2D mapping the elements 
such as scale and accuracy are clearer than in 3D mapping. There is a cer- 
tain definition about the scale of 2D map and peoplecan calcu I ate the accu- 
racy of the map on this base. The cartographical theory sti II does not clearly 
define the same topics about 3D maps. What does large-scale 3D map mean 
and what does small-scale 3D map mean? The purpose of this paper is to 
describe and analyze the terms scale, accuracy and level of detail (LoD) in 
3D mapping and to provoke a discussion about the topic. 

A Questionnaire has been made about the discussed three topics above: 
scale, accuracy and LoD. The participants in the questionnaire are profes- 
sionals (cartographers, geodesists, geographers, computer graphics scien- 
tists) and also students who are not familiar with 3D modelling. The results 
helped us to make analyses and to discuss the problems in every one of the 
pointed topics. 
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1. Introduction 



The modern cartography can be considered as a communication of geo- 
space information in virtual environment (Rystedt B, 2000) and the map as 
representation of geographic reality or a tool for delivering of geo- 
information by visual, digital or tactile way. The development of the mod- 
ern cartography is instigated by modern technologies and the latest 
achi evements of the spati al geo- software. 

The creation of 3D, 4D or multi-D representation is already possible with 
the help of computer graphics. I n this integration, every user will have very 
easy tool to understand, read and analyze geographic reality. The practical 
development of geography is going a step before theoretical identification of 
cartography in this new scientific direction. Many authors speak about 3D 
maps and give different definitions: J enny H . M . speaks about 3D maps as 
"commonly known as landscape panoramas or bird's-eye views" (J enny H . 
M, 2011). Artimo K. defines 3D map as combination of digital cartographic 
data and methods for representation (Artimo K, 1994). 

Another definition says that 3D map is a computer, mathematically defined, 
three-dimensional virtual representation of the Earth surface or another 
celestial body, objects and phenomena in nature and society. Represented 
objects and phenomena are classified, designed and visualized under 
particular purpose (BandrovaT 2001). 

On the same way we can find some description of generalization, accuracy, 
symbol system, level of detail, virtual camera - all of them should be con- 
sidered as new terms in 3D cartography. Many questionnaires are made 
mainly in the topics of user's requirements (Zlatanova S & Bandrova T 
1998, Zlatanova S et al, 2008). Our aim is to find different opinion about 
main cartographic terms in 3D mapping given by people worked in the field 
of geo- science and 3D model ling of the real environment. 

The questi onnai re contai ns ni ne questi ons about 3D maps. They are di vi ded 
into three groups: four questions about scale, two questions about accuracy 
and three ones about Level of Detail. Most of the questi ons contain multiple 
choi ces of answers. The answers were col I ected onl i ne. I n this survey peopl e 
who work, study, or have some interest in 3D cartography participated. 
There are professionals and students among them. The analyses of the re- 
sults are made on the base of 15 participants - people who started the sur- 
vey are 15, and those who finished it are 13. The questionnaire is still open 
for answering. 



2. Scale 



The term "Scale" in 3D maps has more complicated understanding than in 
2D maps. Participants in the survey show their understanding about the 
scale of 3D map. The first question is "2D maps could be large-, medi- 
um- or small-scale ones. In your opinion, could we have the same typology 
(i.e. large, medium and small-scale) in the case of 3D maps?" There are five 
possibilities for answering and also a text area where participants are al- 
lowed to share their comments. The answers and the results can be seen on 
Tableland Figurel 

The percent of all participants who gave a relevant answer can be seen in 
the "Response Percent" column. The number of people given answers can 
be seen in the "Response Count" column. Some of the respondents gave 
more than one answer. They thi nk that the seal e depends on more than one 
criterion. Some of them combine the answers: "Yes, Depending on zoom- 
ing" and 'Yes, Depending on LoD". Others have marked: "Yes, Depending 
on zooming" and "Yes, Depending on area of visualized territory". Some of 
them have found connection between data source and LoD with answers: 
"Yes, Depending on data source" and "Yes, Depending on LoD". There is 
also one participant who combines all possible answers except the answer 
"No". 



1. 2D maps could be large-, medium- or small-scale ones. In your opinion, could we have 
the same typology (i.e. large, medium and small-scale) in case of 3D maps? 




Responses 


% 


Count 


Yes, Depending on area of visualized territory 


46.7 


7 


Yes, Depending on zooming 


40.0 


6 


Yes, Depending on LoD 


40.0 


6 


Yes, Depending on data source 


13.3 


2 


No 


0.0 






Table L The answers about different kind of scales in 3D maps. 
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Figure L The distribution of answers about different kind of scales in 3D maps. 

Most of the respondents (46.7%) answered that 3D maps can be divided 
into three categories: large, medium and small-scale, depending on the area 
of visualized territory; 40% of respondents marked "Yes, Depending on 
zooming" and also 40% marked "Yes, Depending on LoD". Only two people 
(13.3%) have answered "Yes, Depending on data source". 

Some of the respondents added a comment to thei r answer: "Yes, Depend- 
ing on zooming, because there are a horizontal scale and a vertical scale. 
Likewise objects are usually modelled in real size using relevant software." 
- T.T. 'Yes, Depending on LoD - The usage of maps is mostly based on den- 
sity of content."- DP. 

As a result, there are very different opinions about the scale of 3D maps. 
But that is not so unexpected. All four positive answers of the first question 
are interconnected. The scale of the 3D map depends on the area of visual- 
ized territory. This also affects the zoomi ng, if we talk about how far or how 
close we "watch" some part of the Earth. But if we have an interactive 3D 
map of some territory, we can zoom in and zoom out this model and every 
time this is the same 3D model but in different viewpoints - closer or not. 
One of the most important things is the purpose of the 3D map. This fact 
will influence and define which territory will be visualized, how far will be 
the viewpoint from the object, and then the LoDs in map content and what 
will bevisualizedtotheuser. Good example is the developed theory by Sun 
M et al . They declare that some strategies, that they developed, made large- 
scale 2D and 3D vector data displaying easy in 3D landscape map (Sun et al 
2008). The scale is connected again to the sources and not to the final 
product Of 3D map. 



The second question isdirected to thescales of data sources (Table 2). 



2. In your opinion, which scales of data source are most appropriate for creation of 3D 


map? 














for large-scale 


for medium- 


for small- 


Rating 






3D map 


scale 3D map 


scale 3D 


Count 


1 


1 


87.5% (7) 


37.5% (3) 


50.0% (4) 


8 


1 


500/ 1: 1000 


85.7% (12) 


35.7% (5) 


28.6% (4) 


14 


1 


10 000 


18.2% (2) 


90.9% (10) 


9.1% (1) 


11 


1 


25 000 


8.3% (1) 


83.3% (10) 


25.0% (3) 


12 


1 


50 000 


11.1% (1) 


33.3% (3) 


66.7% (6) 


9 


1 


100 000 and larger 


10.0% (1) 


0.0% (0) 


90.0% (9) 


10 



Table 2. The distribution of answers about data source scales used in 3D maps. 
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■ for large-scale 3D map 

■ for medium-scale 3D map 

■ forsmall-scale 3D map 



Figure 2. A diagram shows the answers distribution about data source scales used 
in 3D maps 

According to the respondents there is dependence between the scale of 3D 
map and the scale of data source (see Figure 2). Although at the first ques- 
tion only two people answered "Yes, Depending on data source". At the sec- 
ond question they marked mostly the answers "data sources at 
1500/11000 scale" (12 people) and "data sources at 11 scale" (7 people) 
for large-scale 3D map. For medium-scale 3D map there are 10 votes for 
data source at 110 000 and 1 25 000 scale, and for small-scale 3D map 6 
people voted for 1 50 000 and 1100 000 scale and larger. 



Some of the respondents made comments to thei r answers. One of them 
marked "11" as an answer for large, medium and small-scale 3D map and 
explained: "Because objects are model led in real size and then users can use 
their desired scale." - T.T. Other has added a comment: "Depends on pur- 
pose and area presented in 3D map (city, skiing resort, mountain range, 
province...)" - DP. 



The third question directs the attention to the represented elements on 
the 3D map (Table 3). 



3. According to its scale, what kind of elements should be visualized in a 3D map? 




for large- 


for medium- 


for small- 


Rating 




scale 3D 


scale 3D map 


scale 3D 


Count 








Terrain; Surface 


86.7% (13) 


93.3% (14) 


80.0% (12) 


15 


Rivers, hydrographic objects (lakes, 
dams, etc.) 


80.0% (12) 


100.0% (15) 


86.7% (13) 


15 


Buildings 


86.7% (13) 


60.0% (9) 


40.0% (6) 


15 


Roads and railways 


80.0% (12) 


93.3% (14) 


80.0% (12) 


15 


Textured facades 


92.3% (12) 


23.1% (3) 


15.4% (2) 


13 


Symbol system for small objects 


60.0% (9) 


53.3% (8) 


46.7% (7) 


15 


Plants 


86.7% (13) 


26.7% (4) 


13.3% (2) 


15 



Table 3. The distribution of answers about the elements that should be included 
on the 3D map. 



2 4 6 8 10 12 14 16 



■ in large-scale 3D map 

■ in medium-scale 3D map 

■ in small-scale 3D map 




Figure 3. The votes for the elements that should be i ncl uded on the different types 
of 3D maps. 



The results on Figure 3 are explanatory enough. Most of the respondents 
think that a large-scale 3D map should contain all of the listed elements. 
Elements such as terrain, rivers (hydrographic objects), roads, and railways 
should be included in all kinds of 3D maps, especially in the mediu m- scale 
3D maps. Elements such as textured facades and plants are considered by 
most of the respondents as minor details, which are not necessary to be 
included on the medium and small-scale 3D maps. According to 13 partici- 
pants "Buildings" should be included on the large-scale 3D maps, 9 of them 
consider that they should be a part of the medium-scale maps too and 6 of 
them think that "buildings" should have their place in the small-scale 3D 
maps also. There is also an added comment: "Built-up areas in small-scale 
3D map" - D.P. 



The fourth question in our questionnaire and the last one of the section 
about seal e tri es to cl ari fy the meani ng of the seal ell 



4. Do you agree with the term "3D map at a scale of 1 :1 "? 




Responses 




% 


Count 


No, because it is not possible 


60.0 


9 


Yes 


40.0 


6 



Table 4. Collecting opinions about the term "a 3D map at a scale of II" 



2 4 6 8 10 

60.0% 

No, because it is not possible 

40.0% 

Yes 



Figure 4. Agreement with the term "3D map at a scale of II" 

This term ,A scale of 11" is used recently and we want to know how people 
understand it. We have 60% for the answer "No, because it is not possible" 
and 40% - for "Yes". There is an additional question: "If yes, what is the 
expected smallest lowest level of detail on the map?" We received three an- 
swers of this sub-question: "Buildings and plants" - M.C.; "LoD3" - K.B. 
Maybe the respondent meant LoD3 which is defined byCityGML (Architec- 
tural models /outside/); other one explained: "Yes, only in model space in 
relevant software". 



But what actually does map at 11 scale mean? Map which includes every- 
thing from the real world in real dimension? Some examples show that this 
is possible (Kemen etal 2013). 

Theoretically every real object can be modelled in 3D cyber world. It could 
be seen in every little detail. Generalization always exists in cartography 
and also it depends on the purpose. Practically that is a little bit complicat- 
ed. On the one hand, it is a lot of work every object and every detail to be 
modelled. On the other hand, the hardware is still not so advanced to com- 
bine so much information. But if the object is not so big, it is completely 
possible. For example, the data which we obtain by laser scanning and visu- 
al i se it without general i zati on, we can treat as a map at 1 1 seal e. 



3. Accuracy 

It is very difficult to define the accuracy of 3D Maps on clear way like math- 
ematical definitions of accuracy of 2D topographic maps. The accuracy of 
3D maps can be divided also on two types: horizontal and vertical. Very 
often they are different and it is not clear which accuracy is higher. Every- 
thing depends on data sources accuracy. Usually a cadastral, topographical 
or other 2D map is used as a base for 3D map creation. As a source, the 2D 
map has already its own accuracy. If this map is not in digital form the ac- 
curacy could go down after data processi ng. 



There are two questions concerning accuracy (Table 5 and Table 6). 



5. In 2D maps it is possible to calculate the accuracy of the map if its scale is known. In 
your opinion, is it possible to calculate the accuracy of a 3D map if we know the scale and 
the accuracy of data sources? 




Responses 




% 


Count 


The accuracy could be different on XY and Z 
(H) coordinates values 


53.3 


8 


Yes 


40.0 


6 


No 


6.7 


1 



Table5. Opinions about calculating the accuracy if the 3D map. 



2 4 6 8 10 



53.3% 

The accuracy could be different on... 

40.0% 

Yes 

6.7% 
No 



Figure 5. A diagram shows the answers distribution about calculating the scale of 
the 3D map. 

On Figure 5, there are 53.3% answers for 'The accuracy could be different 
on X Y and Z ( H ) coordi nates val ues", 40% have answered "Yes" and there i s 
also one answer "No". 



By the second question about factors that impact accuracy, we gave five 
possibilities for answering (Table 6). 



6. In your opinion, which factors impact the accuracy of 3D maps? 




Responses 


% 


Count 


Data sources 


86.7 


13 


Data processing 


60.0 


9 


Technology of 3D map creation 


53.3 


8 


LoD 


53.3 


8 


Software 


33.3 


5 



Table 6. Distri bution of votes for the factors which i mpact accuracy. 



2 4 6 8 10 12 14 



86.7% 
Data sources 

60.0% 
Data processing 

53.3% 

Technology of 3D map creation 

53.3% 
LoD 

33.3% 
Software 





Figure 6. Distribution of votes for the factors which impact accuracy. 



The most answers are (86.7%) for "Data sources" You can see all results on 
Figure6. 



Undoubtedly, data sources affect the accuracy of a 3D map. I nitial accuracy 
of 3D models always starts with the accuracy of the source. It is very im- 
portant this accuracy to be enough for the purpose of the 3D map. If we 
need this 3D model for some kind of simulation, the accuracy must be high- 
er. If we make a map of mountain range, then we will use a medium-scale 
map and the accuracy of this map is lower than a map at a scale of 1000. 

Data processing also affects the accuracy. If we use a paper map as a data 
source, first we have to scan this map. I f we use a large format scanner, then 
we have some stretchi ng of the i mage by one axis. Then we have to georef- 
erence and digitize the image which also makes the accuracy down. If we 
use geodetic measurements or photogrammetry, then we have more correct 
data. The third factor which influences the accuracy is the technology of 
creation and data collecting. 

Five people voted for "Software". The software has some influence of the 
accuracy but it is very small and we will ignore it. 

Two of the respondents have added comments: "General izai ton always 
plays a crucial role in map accuracy" - DP.; "Different LoDs have different 
accuracy (eg. LoD \2 and 3 accuracy is defined by totally different parame- 
ters than LoD 5 and 6 and should be defined separately)"- K.B. 



4. Level of Detail 



Six levels of detail are proposed. Almost all objects which should exist on a 
3D map areincluded and distributed into different themes. (Seethelist 
with LoDs on Table7). 



7. We propose 6 levels of detail to be included in a 3D map. Please, select the LoDs that 


should be included on a 3D medium-scale map? You are invited to share your comments in 
the textbox below the question. 




Responses 


% 


Count 


LoD1 (terrain and terrain objects, hydrograph) 


84.6 


11 


LoD2 (infrastructure) 


76.9 


10 


LoD3 (extruded buildings) 


76.9 


10 


LoD4 (building's roofs) 


30.8 


4 


LoD5 (3D architectural elements and/or photorealistic 
textures) 


15.4 


2 


LoD6 (3D symbol system) 


46.2 


6 



Table 7. The proposed Levels of Detail. 



84.656 

loDl (terrain and lo/rain objects hydrograph 
76.9% 
LoD2 (infrastructure) 

76.9K 

LoD3 (extruded buildings) 

W.B% 
LoD4 jbui I ding's roofs) 

LS.4-S, 

LoDS [3D architectural Clements and/or photorealistic textures) 

46.2% 
L0D6 (3D symbol system) 




Figure 7. Opinions about which LoDs should be included on a 3D medium-scale 
map. 



Participants in the questionnaire were asked which LoDs should be includ- 
ed on a 3D medium-scale map. We received very different combinations of 
this LoDs. Figure 7 shows the results. More than 75% of respondents 
marked LoDl, 2, 3. LoDl leads convincingly by 84.6%. LoD4 and 5 are con- 



sidered by most of respondents as unnecessary detail for 3D medium-scale 
map. It is a little bit different by L0D6 - 46.2% respondents. There is also 
very appropriate comment: "It also depends on the zoom factor and the 
purpose of the map. 3D medium-scale map in some cases should contain 
architectural elements; in some cases - not, even extruded buildings." - 
M.D. 



The second question is directed to LoDl (terrain, terrain objects, hydrolo- 
gy). Should be LoDl divide into more LoDs?" The responses are 54% 'Yes" 
and 46% "No" (Table 8, Figure 8). 



8. Do you think that LoD1 (terrain, terrain objects, hydrology) should be divided into more 
LoDs? 




Responses 


% 


Count 


Yes 


53.85 


7 


No 


46.15 


6 



Table 8. Opinions about dividing LoDl into more LoDs. 
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Figure 8. . Opinions about dividing LoDl into more LoDs. 



The comments about thi s questi on are the f ol I owi ng: 

• "Yes, either predefined or computer on the fly. Look at Google Earth: 
zooming in and out changes the LOD of theterrain."; 

• "Yes, accordi ng to distance from view point."- DP.; 

• "Yes, Especiallyfor 3D large-scale maps."- M.D.; 

• "Yes, depending on the scale which is used." - T.T.; 

• "Yes, i n two maybe." - S.M . 



The last question in this survey is: "In CityGML LoD cannot exist without 
previous one (You cannot create LoD4 if you di dn't compl ete LoD3). Do you 
think that in 3D map LoDs can exist independently one from another (for 



example LoDl, LoD3, L0D6)?" There are 13 positive answers and only two 
are negative ones. The comments are: 

• "Yes, sure. If the objects can be created independently at different sca- 
les."-M.C. 

• "Yes. Your LODs span different themes whereas CityGML LODs span 
different representations of the same object. Note that you run into the 
same problem with your LOD 3 and 4; you cannot have LOD4 without 
LOD3 (or you'll have floating roofs)." 

• "Yes, but limited: LoDl is always crucial; especially L0D6 is quite inde- 
pendent from the others." - DP. 

• "Yes. Too many LoDs can harm the readabi I i ty of a 3D map. " 

• "Yes. They should be able to exist independently, so depending on the 
application of the map some can be excluded. For example LoDl for lar- 
ge scale maps. Or in some maps L0D6 might be significant while LoD5 
is not needed and can be replaced by photo-texturing (eg. touristic 
maps)." - K.B. 

• "If we use a single constant LoD as basis for all exports it could be pos- 
sible." 

• "Yes, but then this is a hybrid 3D map." - T.T. 

• "No. There is need from hierarchy." - S.M. 



The idea to separate the different LoDs was to make them independently 
one from another or they could exist separately unlike the LoDs defined by 
CityGM L. They represent different LoD of city models (building) and there 
are also someproblems with separatingthem (StoterJ atal 2012). 

LoDl should be divided into different LoDs, because a 3D map can repre- 
sent only a terrain without hydrographic objects. The terrain surface also 
can be divided into different LoDs but they can be named Sub-LoDs. 

There is a little misunderstanding in the definition of LoD4. As all others 
LoDs, LoD4 also should exist separately. The specification "building's roofs" 
involves the roof as a next level of detail on the extruded building including 
the building. LoD5 also upgrades LoD3 and 4 - 3D architectural elements 
and/ or photorealistic textures as parts of a whole building and its roof. I n 
future it should be included in the specification of LoD4 (extruded build- 
ings with roofs). 

These LoDs have been defined as a description of objects which have to ex- 
ist on a 3D map, together or not, depending on the scale of the map or its 
purpose. It is possible Sub-LoDs to exist where different objects can be 
modelled with different details. For example, the terrain could be modelled 
as more complicated TIN included more polygons or not so complicated 



(simplified) TIN. The representation of the terrain is considered as a special 
part of LoD for 3D graphics. There are a lot of algorithms described by au- 
thors - specialists in computer graphic (Luebke D at al 2003). I n this case 
the term LoD has two aspects: cartographical and computer graphics one. 
Computer graphics LoD means different levels of reduction of geometry and 
texture, according to the distance from the camera (Mach & Petschek 
2007). I n this way the simplification of the object can be automatic. Some 
authors offer a level of detail algorithm which helps the successful represen- 
tation of multiple data layers in multiscale visualisation (Engin B at al 
2009). This is very useful for creating interactive 3D maps and animations. 



5. Conclusion and directions for future works 

The questionnaire survey should continue in 2 directions: more participants 
should be included and another way of survey: practical achievements, us- 
ers' requirements, technology developments. 

Some definitions of the considered topics should be proposed and other 
ones, like definition of 3D map, could be examined by professionals and 
users. The based definition on which some researches could be start is given 
in Introduction. 

Other topic is the scale. It depends on the area of visualization, zooming 
and LoDs. More investigations will show if it is possibleto divide 3D maps 
on large, medium and small scale ones. The results in Table 2 and Figure 2 
clearly show that large-scale 3D maps need sources at scale 11000 and 
larger, middle-scale 3D maps need sources at scale 110 000 to 125 000 
and small -scale 3D maps- 150 000 and smaller scale sources. 



According to the scale different kinds of elements could be included in a 3D 
map (seeTable9). 



Elements, contain in 3D map 


Large-scale 3D 
map 


Medium-scale 
3D map 


Small-scale 3D 
map 


Terrain; Surface 


++ 


++ 


++ 


Rivers, hydrographic objects (lakes, 


++ 


++ 


++ 


Buildings 


++ 


+ 


? 


Roads and railways 


++ 


++ 


++ 


Textured facades 


++ 






Symbol system for small objects 


+ 


+ 


+ 


Plants 


++ 







Table 9. Elements, visualized in different kinds of 3D map according to scale: ++ 
very much needed; + needed; - not needed; ? - need more survey. 



The accuracy is different on XY and ZJ H coordinates and it depends mostly 
on data sources and data processing, partly on technology for 3D map crea- 
tion and less on software. We need to do more investigations to clarify 
which objects will be included in LoDs. 
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